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Interstitial Stem Cell Proliferation in Hydra: 
Evidence for Strain-Specific Regulatory Signals 
CHARLES N. DAVID,* TUSHITAKA FuJIsAwA,t AND THOMAS C. G. BOSCH**’ 
We have examined the growth behavior of small numbers of interstitial stem cells transplanted into tissue of geneti- 
cally unrelated strains of Hydra mugnipapillntu. We show that such stem cells, which are at low density following 
transplantation, proliferate more rapidly than the stem cells of the host, which are at normal density. The rapid 
proliferation is similar to the proliferation rate of stem cells transplanted into interstitial cell free tissue. The results 
suggest that stem cells transplanted into heterotypic tissue are unable to “sense” the presence of host stem cells and to 
adopt their growth rate to that of the surrounding cells. Thus, the feedback signal which negatively regulates stem cell 
growth as a function of stem cell density must be strain specific. SK:’ 1991 Academic Press, Inc. 
INTRODUCTION 
Interstitial stems cells in hydra are a rapidly prolifer- 
ating cell population with a cell cycle of about 24 hr (for 
review see David et ab, 1987). After each cell division 
cycle about 60% of stem cell daughters remain stem 
cells (David and Gierer, 1974). Thus, the stem cell popu- 
lation grows 20% per day resulting in a doubling time of 
the interstitial cell population of 3 days. This coincides 
with the growth rate of the epithelium in which the in- 
terstitial stem cells reside and leads to a constant ratio 
of interstitial cells to epithelial cells during growth of 
hydra tissue. 
Previous results have shown that the stem cell growth 
rate is negatively regulated by the stem cell density. 
Regulation of the growth rate occurs by changes in the 
self-renewal probability (P,) (Bode et ab, 1976; Sproull 
and David, 1979; David and MaeWilliams, 1978). Reduc- 
tion of the stem cell density in tissue increases P, from 
0.6 to 0.7-0.8 and causes the stem cell population to dou- 
ble at a rate faster than normal. Conversely, increasing 
the number of stem cells decreases the self-renewal 
probability. 
The nature of the signal(s) by which interstitial cells 
measure their density is unknown. Experimental evi- 
dence suggests that the feedback signal is of short range 
since stem cells can detect neighboring cells within a 
clone but not cells in neighboring clones (David and 
MaeWilliams, 1978; Sproull and David, 1979). Whether 
the signal is a diffusible molecule produced by stem cells 
1 To whom correspondence should be addressed. 
or whether density measurement is mediated directly 
by cell-cell contact has not yet been determined. 
In experiments which involved grafting of tissue be- 
tween genetically distinct strains of hydra we discov- 
ered that feedback regulation of stem cell growth by 
stem cell density did not occur. We present here a sys- 
tematic investigation of this phenomenon and show that 
stem cells, when mixed with genetically distinct stem 
cells from different strains of the same species, behave 
as if these cells were not present. The results suggest 
that growth regulation of stem cells in hydra involves 
strain-specific molecules. 
MATERIALS AND METHODS 
Strains and Culture Conditions 
Hydru magnipapillata were used for all experiments. 
The strains were originally isolated by Sugiyama and 
Fujisawa (1977) from different sites in Japan and have 
been maintained in laboratory culture since then. The 
strains are genetically unrelated. Strain 105 is the wild 
type, strain ms-1 contains stems cells which differen- 
tiate immobile sperm, strain sf-1 has temperature-sen- 
sitive interstitial stem cells (animals grown at 18°C 
have stems cells; animals grown at 28°C lose their stem 
cells), and strain reg 16 is regeneration deficient but 
contains normal interstitial stem cells. Animals were 
cultured at 18°C in a medium containing 1 mM CaCl,, 
0.1 mM MgCl,, 0.1 mM KCI, and 1 mM NaHCO, at pH 
7.8. Animals were fed daily with freshly hatched brine 
shrimp nauplii. 
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